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DESCRIPTION 

ANTIAD HE S I VE KIT, PROCESS FOR PRODUCING THE SAME 
AND METHOD OF ADHESION PREVENTION 

Technical Field 

[0001] The present invention relates to an adhesion preventive kit for 
preventing adhesion in guided regeneration therapy for an injured 
tissue. The present invention relates to an adhesion preventive kit 
comprising: (A) a first membrane of at least two layers having a 
biodegradable base layer and an adhesion preventive layer provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer provided at an 
outermost surface thereof^ or (B) an adhesion preventive membrane 
including a biodegradable base layer and an adhesion preventive layer, 
which membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part. 

Background Art 

[0002] In various surgical operations, excision of affected parts and 
repair of injured sites are often performed. In particular, in the case 
where various organs, such as a lung, heart, liver, brain, digestive 
apparatus, and gallbladder, are targeted, a membrane-like material 
that covers the tissue of the organ must be filled or used for prosthesis 
on the cut surface, the deficient part, or the like. If the treatment is 
insufficiently done, the patient will die because of dysfunction of the 
organ in some cases. Also, even if the function of the organ itself is 
narrowly maintained, the body fluid, digestive juice, contents, etc. that 
exudes or leaks from the organ may cause infection, attacks or erosions 
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to other organs, resulting in a crisis of life. 

[0003] Furthermore, adhesion between an injured or deficient portion 
in the above-described organ and a tissue located in the surrounding 
part thereof (hereinafter, also referred to as surrounding tissue) occurs 
in high frequencies. As a result, dysfunction of the organ may be 
induced with a lapse of time. In particular, in the cardiac surgery 
field, the pericardium is excised to perform a cardiac surgical 
operation, but reoperation may be required depending on conditions 
after the operation. In this case, adhesion of the pericardium to the 
heart and the surrounding tissue is caused, so that an operation of 
peeling the adhesion is required at the beginning. The operation is 
performed with the greatest care so as to minimize blood loss of the 
patient, so that it often takes about 3 to 5 hours to perform for this 
peeling operation. 

[0004] For the purpose of solving such various problems, prosthetic 
membranes to cover organs or tissues of the organs have been 
developed by using various materials. However, in the case where the 
above-described prosthetic membranes are made of a synthetic fiber or 
the like, insuficiency of biocompatibility causes various drawbacks 
such as excessive calcification, foreign body reaction, and inflammatory 
reaction. Even in the case of using a bioabsorbable material, such 
material as the material itself mediates adhesion between the injured 
or deficient tissue and another tissue corresponding thereto cannot be 
used. 

[0005] In addition, the above-described material must be a material 
having a function to prevent adhesion. Examples of a material that 
meets these requirements include hyaluronic acid and gelatin. Since 
those materials are mainly extracted from living bodies such as 
animals and purified, they have good biocompatibility and are already 
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coming into practical use in various medical fields including medicines. 
Examples thereof include an adhesion preventive membrane using 
hyaluronic acid (Patent Documents 1 to 4). 

[0006] However, membranes made of the above-described 
biodegradable material lacked strength enough to resist sutures when 
used as prosthetic membranes. The inventors of the present invention 
have solved such problems and developed an adhesion preventive 
membrane having excellent suture strength in which all materials of a 
prosthetic membrane are composed of biodegradable and absorbable 
materials, and patent applications for the membrane have filed (Patent 
Documents 5 to 9). 

[0007] However, such adhesion preventive membranes were only 
used for prosthesis in the form shown in Fig. 5 for an injured or 
deficient portion. For example, in the case where injured or deficient 
portions of membrane-like, bag-like, and tube-like tissues are subjected 
to prosthesis, there is parts that directly come into contact with a 
surrounding tissue facing the opposite side of the surface subjected to 
prosthesis (A in Fig. 5), so that the edges of the injured tissue adhere to 
the surrounding tissue in some cases. 

[0008] Patent Document l: Japanese Laid-Open Patent Publication 
No. 61-234864 

Patent Document 2: Japanese Laid-Open Patent Publication 
No. 06-073103 

Patent Document 3: Japanese Laid-Open Patent Publication 
No. 08-157378 

Patent Document 4: Japanese Laid-Open Patent Publication 
No. 08-333402 

Patent Document 5: Japanese Laid-Open Patent Publication 
No. 2000-093497 
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Patent Document 6' Japanese Laid-Open Patent Publication 
No. 2000-210376 

Patent Document 7' Japanese Laid-Open Patent Publication 
No. 2000-271207 

Patent Document 8: Japanese Laid-Open Patent Publication 
No. 2003-235955 

Patent Document 9: Japanese Laid-Open Patent Publication 
No. 2003-245351 

Disclosure of the Invention 

Problems to be solved by the Invention 

[0009] Therefore, it is required to develop an adhesion preventive kit 
and a method of preventing adhesion, which enable prevention of 
adhesion even in a surrounding part of an edge of an injured or 
deficient tissue. 

Means for solving the Problems 

[0010] The present invention relates to the following: 

(1) an adhesion preventive kit comprising the following (A) or 

(B): 

(A) a first membrane of at least two layers having a 
biodegradable base layer and an adhesion preventive layer provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer provided at an 
outermost surface thereof; or 

(B) an adhesion preventive membrane including a 
biodegradable base layer and an adhesion preventive layer, which 
membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part, 
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(2) an adhesion preventive kit according to the item (l), 
wherein the biodegradable base layer contains collagen, polylactic acid, 
or polyglycolic acid, 

(3) an adhesion preventive kit according to the item (l), 
wherein the biodegradable base layer is composed of woven cloth, a 
nonwoven fabric, a sheet, or a sponge, 

(4) an adhesion preventive kit according to the item (l), 
wherein the biodegradable base layer is composed of a collagen 
nonwoven fabric, 

(5) an adhesion preventive kit according to the item (l), 
wherein the adhesion preventive layer contains hyaluronic acid, 
collagen, or gelatin, 

(6) an adhesion preventive kit according to the item (l), 
wherein the adhesion preventive layer is composed of a sheet or a 
sponge, 

(7) an adhesion preventive kit according to the item (l), 
wherein the adhesion preventive layer is composed of a sponge of a 
mixture of collagen and hyaluronic acid, 

(8) a method of producing an adhesion preventive kit which 
comprises (B) an adhesion preventive membrane including a 
biodegradable base layer and an adhesion preventive layer, which 
membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part, wherein the 
method is characterized in that a surrounding part of the 
biodegradable base layer is branched in a normal line direction to a 
surface of the membrane, 

(9) a method of producing an adhesion preventive kit 
according to the item (8), characterized by comprising: preparing a 
membrane of at least two layers having a biodegradable base layer and 
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an adhesion preventive layer provided respectively at outermost 
surfaces thereof layering the two membranes so that the 
biodegradable base layers face each other; and bonding or sewing only 
a central part thereof, 

(10) a method of producing an adhesion preventive kit 
according to the item (8), characterized by comprising-* layering two 
biodegradable base layers; bonding or sewing a central part thereof 
and providing adhesion preventive layers at the outer surfaces of the 
biodegradable base layers, 

(11) a method of preventing adhesion characterized by 
preventing adhesion between an injured or deficient tissue and a 
surrounding tissue located in a surrounding part of the injured or 
deficient tissue using an adhesion preventive kit comprising the 
following (A) or (B): 

(A) a first membrane of at least two layers having a 
biodegradable base layer and an adhesion preventive layer provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer provided at an 
outermost surface thereof? or 

(B) an adhesion preventive membrane including a 
biodegradable base layer and an adhesion preventive layer, which 
membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part, 

(12) a method of preventing adhesion according to the item 
(11), wherein the tissue is pericardium, pleura, diaphragm, cerebral 
dura mater, stomach, esophagus, or a digestive apparatus, 

(13) a method of preventing adhesion according to the item 
(11), wherein the tissue is pericardium, and the surrounding tissue is 
heart, 
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(14) a method of preventing adhesion according to the item 
(11) characterized by separating the injured or deficient tissue from the 
surrounding tissue by at least the adhesion preventive layer, and 

(15) a use of an adhesion preventive kit comprising the 
following (A) or (B): 

(A) a first membrane of at least two layers having a 
biodegradable base layer and an adhesion preventive layer provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer provided at an 
outermost surface thereof^ or 

(B) an adhesion preventive membrane including a 
biodegradable base layer and an adhesion preventive layer, which 
membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part. 

Effect of the Invention 

[00 11] According to the present invention, the frequency and degree 
of adhesion are further reduced compared with a conventional 
adhesion preventive membrane, so that the time for an adhesion- 
peeling operation is reduced in reoperation. That is, the labor of an 
operator required in the surgery is reduced, and the blood loss of a 
patient is significantly suppressed during the surgery, thereby 
reducing patient burden. 

Brief Description of the Drawings 

[0012] [Fig. 1] A conceptional illustration of a surgical operation in 
the case of using an adhesion preventive kit of a first embodiment of 
the present invention. 

[Fig. 2] A conceptional illustration of a different surgical 
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operation from that in Fig. 1 in the case of using an adhesion 
preventive kit of a first embodiment of the present invention. 

[Fig. 3] A conceptional illustration of an adhesion preventive 
kit of a second embodiment of the present invention. 

[Fig. 4] A conceptional illustration of a surgical operation 
mode in the case of using an adhesion preventive kit of a second 
embodiment of the present invention. 

[Fig. 5] A conceptional illustration of a surgical operation in 
the case of using a conventional adhesion preventive membrane. 

[Fig. 6] A photograph of the pericardium-defective site of the 
beagle in Example 2. 

[Fig. 7] A photograph of the second membrane arranged on the 
surface of the heart of the beagle. 

[Fig. 8] A photograph of the first membrane sutured to the 
pericardium of the beagle . 

[Fig. 9] A photograph of the portion between the pericardium 
and the heart after three months from embedment of an adhesion 
preventive kit of the present invention in the pericardium -defective 
site of the beagle. 

[Fig. 10] A photograph of the first membrane sutured to the 
pericardium of the male beagle in Comparative Example 1. 

[Fig. 11] A photograph of the portion between the pericardium 
and heart after three months from embedment of the first membrane 
in the pericardium-defective site of the male beagle in Comparative 
Example 1 (adhesion ratio: 80%). 

[Fig. 12] A photograph of the portion between the pericardium 
and the heart after three months from embedment of the first 
membrane in the pericardium-defective site of the male beagle in 
Comparative Example 1 (adhesion ratio: 50%). 
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[Fig. 13] A photograph of the commercially available ePTFE 
membrane sutured to the pericardium of the male beagle in 
Comparative Example 2. 

[Fig. 14] A photograph of the portion between the pericardium 
and the heart after three months from application of the commercially 
available ePTFE membrane to the pericardium- defective site of the 
male beagle in Comparative Example 2. 

[Fig. 15] A photograph of the adhesion preventive kit of the 
second embodiment of the present invention when viewed from an 
angle (in tissue sandwiching parts, the portions parallel to the Y-axis 
are bent to the Z~axis direction). 

[Fig. 16] A photograph of an adhesion preventive kit of a 
second embodiment of the present invention in Fig. 15 when viewed 
from the XZ-plane. 

[Fig. 17] A photograph of the adhesion preventive kit in Fig. 
16, in which, in tissue sandwiching parts, the portions parallel to the 
X-axis are bent to the Z-axis direction. 

Description of Reference Numerals 

[0013] 1 First membrane of a first embodiment (A) 

2 Second membrane of a first embodiment (A) 

3 Membrane of a second embodiment (B) 

4 Biodegradable base layer 

5 Adhesion preventive layer 

6 Injured or deficient tissue 

7 Surrounding tissue 

8 Tissue sandwiching part 

9 Conventional adhesion preventive membrane 
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Best Mode for carrying out the Invention 

[0014] The term "adhesion preventive kit" of the present invention 
refers to one to be used for preventing adhesion between an injured or 
deficient tissue and a surrounding tissue located in a position 
physically accessible thereto when an incised or excised tissue is 
intended for prosthesis or regeneration in regenerative or surgical 
operations for a tissue injured by an accident or the like. 
[0015] The term "tissue" as used in the present invention refers to an 
organ in a living body, a membrane tissue that cover the organ, and an 
apparatus. Examples of the organ include heart, liver, stomach, 
pancreas, gallbladder, and brain. Examples of the membrane tissue 
that covers the organ include pericardium, pleura, peritoneum, 
diaphragm, and cerebral dura mater. Examples of the apparatus 
include trachea, esophagus, and digestive apparatus. 
[0016] The term "injury" as used in the present invention refers to a 
state where a tissue is damaged, and examples thereof include, but are 
not limited to, accidental injury caused by a foreign matter from 
outside of a body and surgical injury due to incision or the like in 
surgical operations. The term "deficiency" as used refers to a state 
where part of a tissue is lacking, and examples thereof include, but are 
not limited to, surgical deficiency caused by excision of an affected part 
in surgical operations. 

[0017] The term "surrounding tissue" as used in the present 
invention refers to a tissue that is located in a surrounding part of the 
above-described injured or deficient tissue and is present at a position 
where adhesion may occur in regeneration of the above-described 
injured or deficient tissue. For example, in the case where the injured 
or deficient tissue is pericardium, the surrounding tissue thereof is 
heart, breastbone, and lung. In the case where the injured or 
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deficient tissue is an apparatus such as trachea, esophagus, or 
digestive apparatus, the tissue also includes a wall surface facing an 
injured or deficient site in the apparatus. 

[0018] The adhesion preventive kit of the present invention 
comprises the following two embodiments (A) and (B), and a person 
skilled in the art may select both embodiments. 

(A) a first membrane of at least two layers having a 
biodegradable base layer and an adhesion preventive layer provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer provided at an 
outermost surface thereof^ or 

(B) an adhesion preventive membrane including a 
biodegradable base layer and an adhesion preventive layer, which 
membrane has an outermost surface constituted of the adhesion 
preventive layer and has a tissue sandwiching part. 

[0019] The first embodiment (A) of an adhesion preventive kit of the 
present invention refers to a form that includes a first membrane of at 
least two layers having a biodegradable base layer and an adhesion 
preventive layer provided respectively at outermost surfaces thereof 
and a second membrane of at least one layer having an adhesion 
preventive layer provided at an outermost surface thereof. Depending 
on an injured or deficient tissue to be subjected to guided regeneration 
of the tissue, for example, in the case of guided regeneration of the 
pericardium excised in heart surgery operations, each of the above - 
described first and second membranes has an area of about 1 to 200 
cm 2 , preferably about 15 to 150 cm 2 and has a total thickness of about 
0.1 to 30 mm, preferably about 0.5 to 8 mm, but the area and thickness 
are not limited thereto. 

[0020] The above-described first membrane refers to a membrane 
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that includes at least a biodegradable base layer and an adhesion 
preventive layer and is a membrane of at least two layers having the 
biodegradable base layer and adhesion preventive layer provided 
respectively at outermost surfaces thereof, which has effects on 
preventing adhesion between an injured or deficient tissue and a 
surrounding tissue and on promoting regeneration of the tissue in the 
regeneration of the injured or deficient tissue. 

[0021] The above -described biodegradable base layer refers to a layer 
that has good biocompatibility when embedded in a living body, is 
made from a biodegradable and absorbable polymer to be degraded and 
absorbed after a certain period of time, and may enable guided 
regeneration of an injured or deficient tissue by using the 
biodegradable base layer as a scaffold. The term "biodegradable and 
absorbable polymer" refers to a material to be degraded and absorbed 
after a certain period of time from embedment in a living body. 
Examples thereof include collagen, polylactic acid, and polyglycolic 
acid. Collagen is preferable in view of excellent safety after embedded 
in a living body, adhesiveness to a cell, and a proliferative ability. 
[0022] For the above-described collagen, collagen that has been 
subjected to a treatment so as to be able to dissolve in a solvent may be 
selected. Examples thereof include solubilized collagens such as an 
enzyme-solubilized collagen, an acid-solubilized collagen, an alkali- 
solubilized collagen, and a neutral-solubilized collagen. Among them, 
in view of ease of handling, an acid-solubilized collagen is preferable. 
Moreover, in view of safety when embedded in a living body, the 
collagen is preferably atelocollagen that has been subjected to a 
removal treatment for telopeptide, which is an antigenic determinant, 
but is not limited thereto. The collagen is derived from an extract 
from skin, tendon, bone, cartilage, organs, and the like of animal 
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species such as oxen, pigs, bird, fish, rabbits, sheep, mouse, or humans. 
In view of availability, the collagen is preferably a collagen derived 
from pig skin, but is not limited thereto. Furthermore, examples of 
the type of collagen include types I, II, and III, and in view of ease of 
handling, the type is preferably types I and III, but is not limited 
thereto. 

[0023] Examples of the form of a biodegradable base layer of the 
preset invention include a woven fabric, a nonwoven fabric, a sponge, 
and a sheet. Among them, in view of suture strength, a woven fabric 
and a nonwoven fabric are preferable. Moreover, in view of ease of 
production and cost, a nonwoven fabric is preferable, but is not limited 
thereto. 

[0024] In the case of using the above -described woven or nonwoven 
fabric, a strand-like material to constitute such a form is produced. In 
view of improvement of suture strength, the outer diameter of the 
strand-like material is about 0.01 to 1,000 jim, preferably about 0.05 to 
200 pm, more preferably about 0.1 to 200 jim, but is not limited 
thereto. 

[0025] The above-described strand-like material may be produced in 
accordance with a conventional method. For example, it may be 
produced by continuously spinning it out of a solution of the above- 
described biodegradable and absorbable polymer. In view of strand 
strength, the concentration of the above-described solution is about 0.1 
to 20 wt%, preferably about 1 to 10 wt%, but is not limited thereto. 
Examples of a device to be used for discharging the solution include a 
gear pump, a dispenser, and various types of extruders. To perform a 
uniform spinning, the device is preferably a dispenser in view of stable 
discharge of a fixed amount of the solution with less pulsation, but is 
not limited thereto. 
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[0026] A solvent for a coagulation bath used in the wet spinning may 
be a solvent, suspension, emulsion, or solution that can coagulate the 
above-described biodegradable and absorbable polymer. In the case of 
using collagen as a raw material of a strand-like material, examples of 
the solvents include aqueous solutions of inorganic salts, inorganic 
salt-containing organic solvents, alcohols, and ketones. Examples of 
the aqueous solutions of inorganic salts include aqueous solutions of 
sodium sulfate, sodium chloride, ammonium sulfate, calcium chloride, 
and magnesium chloride. In particular, an aqueous solution of 
sodium chloride, sodium sulfate, or ammonium sulfate is preferable. 
A solvent obtained by dissolving or dispersing such inorganic salts in 
alcohols or acetones may also be used. Examples of the alcohols 
include methanol, ethanol, isopropanol, amyl alcohol, pentanol, 
hexanol, and ethylene glycol. Examples of the ketones include 
acetone and methyl ethyl ketone. Among them, in view of strength of 
a spun strand, ethanol, a solution of sodium chloride in ethanol, or a 
dispersion of sodium chloride in ethanol is preferably used, but the 
solvent is not limited thereto. 

[0027] In the case where a woven fabric is selected as a biodegradable 
base layer, the distance between strand-like materials is about 0.01 to 
500 iim, preferably about 0.1 to 200 jim, and each distance between the 
strand-like materials is preferably uniform but is not limited thereto. 
[0028] The above-described woven fabric may be produced by a 
method using, for example, a weaving machine. Herein, in view of 
prevention of cutting in strand-like materials, the above-described 
strand-like materials are preferably modified into a twist yarn before 
use, but the form is not limited thereto. 

[0029] In the case where a nonwoven fabric is selected as a 
biodegradable base layer, in view of suture strength, the distance 
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between the strand-like materials is about 0.01 to 500 p.m, preferably 
about 0.1 to 200 pun, but the materials may partially be in contact each 
other. 

[0030] The above "described nonwoven fabric may have, for example, 
a form produced as a laminate that includes a first layer composed of a 
plurality of strand-like materials arranged substantially in parallel 
and a second layer composed of a plurality of strand-like materials 
arranged substantially in parallel such that the acute angle between 
the directions of arrangement of the strand-like materials is about 70° 
to 90°. Furthermore, the nonwoven fabric may have a form that 
includes a third layer composed of a plurality of strand-like materials 
arranged substantially in parallel on the second layer such that the 
acute angle between the directions of the arrangement of strand-like 
materials in the second layer and those in the third layer is about 70° 
to 90°. That is, in view of suture strength, the nonwoven fabric of the 
present invention preferably has a form that includes a layer composed 
of a plurality of strand-like materials arranged substantially in 
parallel (i.e., n layer; n is an integer of 2 or more) and upper and lower 
layers in contact with the n layer (i.e., n-1 layer or n+1 layer; n is an 
integer of 2 or more) such that the acute angle between the directions 
of the arranged strand-like materials in the n layer and those in the n- 
1 layer or n+1 layer is about 70° to 90°, but the form is not limited 
thereto. In view of suture strength and the membrane weight, the 
total number of these layered articles is about 2 to 20, preferably about 
4 to 16, but is not limited thereto. The nonwoven fabric having the 
above-described layered form is referred to as a layered nonwoven 
fabric in the present invention. 

[0031] Moreover, the above-described sheet refers to a plane 
membrane having a surface that is nearly uniformly composed of the 
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biodegradable and absorbable polymer. Examples of a method of 
producing them include extrusion molding, compression molding, and 
solvent casting methods, and in view of ease of production, the solvent 
casting method is preferable, but the method is not limited thereto. 
[0032] Meanwhile, the above-described sponge refers to a substance 
in a porous form in which sections having many pores with uniform or 
nonuniform sizes are observed to be continuously or discontinuously 
dispersed in visual determination or under a microscope. An example 
of a method of forming thereof includes a method that involves casting 
a solution of a biodegradable polymer into a mold having an intended 
shape of a injured site in a tissue, followed by forming the sponge by 
means of a method such as air-drying, vacuum drying, freeze -thaw, 
vacuum freeze -drying. Among them, in view of uniform formation, 
the sponge is preferably formed by means of vacuum freeze -drying, but 
the method is not limited thereto. Examples of the above-described 
vacuum freeze-drying include, but are not limited to, a method of 
drying an about 0.05 to 30 wt% collagen solution at about 0.08 Torr or 
less in view of ease of production. After freeze-drying, the resultant is 
removed form the mold to give a sponge. Furthermore, in view of 
suture strength, the above-described sponge is preferably compressed 
by a press machine, but the process is not limited thereto. 
[0033] In view of improvement of strength, the biodegradable base 
layer is preferably further immersed in a solution of a biodegradable 
and absorbable polymer and then air-dried, but the process is not 
limited thereto. Such a treatment is referred to as a binder 
treatment. In view of compatibility with the biodegradable base layer 
and strength, the biodegradable and absorbable polymer used in a 
binder treatment is preferably the same substance as that of the 
biodegradable base layer, but is not limited thereto. The binder 



16 



treatment is performed by impregnating the above-described 
biodegradable base layer with a solution of a biodegradable and 
absorbable polymer or the like and drying it by an appropriate drying 
method such as air-drying, air-blast drying, drying under reduced 
pressure, drying at low temperature, or vacuum freeze-drying. A 
biodegradable base layer obtained by such binder treatment has 
drastically improved suture strength compared with an untreated 
biodegradable base layer. Meanwhile, in view of handling of the 
solution, the concentration of the biodegradable and absorbable 
polymer solution used in the binder treatment is about 0.05 to 30 wt%, 
preferably about 0.1 to 10 wt%, but is not limited thereto. 
[0034] The biodegradable base layer of the present invention is most 
preferably a nonwoven fabric made of collagen strand in view of ease of 
production, suture strength, degradation resistance, and safety after 
embedded in a living body. 

[0035] The term "adhesion preventive layer" as used in the present 
invention refers to a layer having a preventive effect on adhesion 
between an injured or deficient tissue and a surrounding tissue thereof 
in the regeneration of the tissue. An example of a raw material 
thereof includes a polymer having a preventive effect on adhesion. 
Examples thereof include collagen, gelatin, and hyaluronic acid, and 
the material is preferably hyaluronic acid having an excellent 
preventive effect on adhesion, and particularly preferably a mixture of 
collagen and hyaluronic acid that has improved degradation resistance. 
[0036] The above-described hyaluronic acid may be derived from an 
animal or microorganism. Moreover, it may be used as a salt of an 
alkaline metal (e.g., sodium, potassium) or the like. Among them, 
from the viewpoint that the hyaluronic acid may be embedded in a 
living body, medical grade hyaluronic acid is preferable. 
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[0037] Meanwhile, in view of adhesion prevention and degradation 
resistance, a mixing ratio of collagen and hyaluronic acid is about 3^7 
to 7 "3, preferably 5^5, but is not limited thereto. 

[0038] Moreover, examples of the form of the above -described 
adhesion preventive layer include a sheet and a sponge. Among them, 
a sponge is preferable in view of ease in lamination on a biodegradable 
base layer. A method of producing a sheet or a sponge may be the 
same as the above-described method of producing a biodegradable base 
layer, but is not limited thereto. 

[0039] The adhesion preventive layer of the present invention is most 
preferably in the form of sponge made of a mixture of collagen and 
hyaluronic acid in view of ease of production, adhesion preventive 
effect, degradation resistance, and safety after embedded in a living 
body. 

[0040] Examples of the lamination method of a biodegradable base 
layer and an adhesion preventive layer in the above -described first 
membrane include a method of forming an adhesion preventive layer 
directly on a biodegradable base layer and a method of separately 
producing a biodegradable base layer and adhesion preventive layer 
and then laminating the layers. Among them, in view of ease of 
production, the method is preferably the method of separately 
producing a biodegradable base layer and adhesion preventive layer 
and then laminating the layers, but is not limited thereto. 
[0041] An example of the above -described method of forming an 
adhesion preventive layer directly on a biodegradable base layer 
includes, but are not limited to, a method of forming an adhesion 
preventive layer by immersing a biodegradable base layer made of a 
nonwoven fabric in a solution of a biodegradable and absorbable 
polymer, followed by freeze -drying. 
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[0042] On the other hand, examples of the method of separately 
producing a biodegradable base layer and adhesion preventive layer 
and then laminating the layers include the above-described binder 
treatment and suture with thread. Among them, in view of ease of 
production, the method is preferably the above -described binder 
treatment using a biodegradable and absorbable polymer but is not 
limited thereto. The above-mentioned binder treatment may be 
performed in accordance with the above-described method, but is not 
limited thereto. 

[0043] Examples of the above-described suture include a method 
using a commercially available surgical thread, the above-described 
strand-like material made from a biodegradable and absorbable 
polymer, and the like. Among them, in view of safety when embedded 
in a living body, it is preferable to sew with the above -described strand- 
like material made from a biodegradable and absorbable polymer, but 
is not limited thereto. In view of membrane strength, the sewing 
distance is about 1 to 20 mm, preferably about 2 to 10 mm, and the 
pitch distance of a sewing machine is about 1 to 20 mm, preferably 
about 2 to 10 mm, but the distances are not limited thereto. 
[0044] The above-described biodegradable base layer and adhesion 
preventive layer are preferably further subjected to a crosslinking 
treatment, if necessary. The crosslinking treatment may enable 
timely control of the time to degrade the adhesion preventive layer in a 
living body. Examples of a crosslinking method include chemical 
crosslinking, gamma-irradiation, ultraviolet irradiation, electron beam 
irradiation, plasma irradiation, and crosslinking treatment by thermal 
dehydration. Among them, in the case where the above-described 
biodegradable base layer and adhesion preventive layer include 
collagen, in view of safety after embedded in a living body, the method 



19 



is preferably the crosslinking treatment by thermal dehydration, but is 
not limited thereto. In the crosslinking treatment, degradability and 
absorbability in a living body can be controlled by crosslinking 
temperature and crosslinking time. 

[0045] The above-described second membrane includes at least an 
adhesion preventive layer. The adhesion preventive layer may be a 
layer produced by the same method as that for the adhesion preventive 
layer in the above-described first membrane. Among them, in view of 
production cost, the form of the second membrane is preferably the 
same as that of the adhesion preventive layer in the above-described 
first membrane, but is not limited thereto. 

[0046] In view of production cost, ease of production, membrane 
strength, safety when embedded in a living body, and the like, a 
preferable example of a first embodiment (A) of an adhesion preventive 
kit of the present invention is a form that includes a first membrane of 
at least two layers having a biodegradable base layer made of a 
collagen nonwoven fabric and an adhesion preventive layer made of 
sponge of a mixture of collagen and hyaluronic acid provided 
respectively at outermost surfaces thereof and a second membrane of 
at least one layer having an adhesion preventive layer made of sponge 
of a mixture of collagen and hyaluronic acid provided at an outermost 
surface thereof. 

[0047] The second embodiment (B) of an adhesion preventive kit of 
the present invention is a form that includes an adhesion preventive 
membrane including a biodegradable base layer and an adhesion 
preventive layer, which membrane has an outermost surface 
constituted of the adhesion preventive layer and has a tissue 
sandwiching part. A conceptual illustration is shown in Fig. 3, and 
actual photographs are shown in Figs. 15 to 17. The area and 
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thickness of the above-described membrane may be the same as those 
of the above-described first embodiment (A). 

[0048] The biodegradable base layer and adhesion preventive layer in 
the second embodiment (B) may be layers produced by the same 
method as that for the biodegradable base layer and adhesion 
preventive layer in the above-described first embodiment (A), but are 
not limited thereto. 

[0049] The term "tissue sandwiching part" as used in the present 
invention refers to one that sandwiches an edge of a tissue to protect 
the edge. The term "normal line direction to a surface of a membrane" 
refers to the arrow direction in Fig. 3 or the Z-axis directions in Figs. 
15 to 17. With regard to the size of the sandwiching part, in view of 
strength of the membrane and ease in sandwiching a tissue, for 
example, in the case where the area of the surface of an adhesion 
preventive membrane is expressed as 100%, the area of a tissue 
sandwiching part is about 0.5 to 90%, preferably 5 to 75%, more 
preferably about 10 to 50% but is not limited thereto. 
[0050] Examples of the method of producing the tissue sandwiching 
part of the present invention comprise: 

(i) a method that includes the steps of laminating two membranes 
composed of two layers of a biodegradable base layer and an adhesion 
preventive layer so that the biodegradable base layers face each other; 
and bonding or sewing only the central part thereof, 

(ii) a method that includes the steps of laminating two membranes 
composed of a biodegradable base layer; bonding or sewing the central 
part thereof and laminating an adhesion preventive layer on the outer 
surface of the biodegradable base layer, 

(iii) a method that includes the steps of separately preparing a 
membrane-like material composed of a biodegradable base layer and 
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an adhesion preventive layer and a membrane-like material composed 
of an adhesion preventive layer? and laminating these membranes and 
bonding or sewing the central part thereof, 

(iv) a method that includes the steps of preparing a membrane having 
laminated adhesion preventive layers on the both surfaces of a 
biodegradable base layer; and making slits in an adhesion preventive 
layer, in a biodegradable base layer, or between an adhesion preventive 
layer and a biodegradable base layer in parallel with the surface of the 
membrane, and 

(v) a method that includes the steps of making slits in a biodegradable 
base layer in parallel with the surface of the membrane; and 
laminating an adhesion preventive layer on the outer surface of the 
biodegradable base layer. Among them, in view of membrane 
strength and ease of production, the method is preferably (ii) a method 
that includes the steps of laminating two membranes composed of a 
biodegradable base layer; bonding or sewing the central part thereof 
and laminating an adhesion preventive layer on the outer surface of 
the biodegradable base layer, but is not limited thereto. The above- 
described membrane-like material composed of two layers of a 
biodegradable base layer and an adhesion preventive layer has the 
same structure as that of the first membrane in the first embodiment 
(A) of the present invention. 

[0051] Each of the above -described lamination of a biodegradable 
base layer and an adhesion preventive layer, binder treatment, and 
suture may be performed in accordance with the above-described 
method described in the first embodiment (A), but is not limited 
thereto. 

[0052] Moreover, the above-described slit may be accomplished by 
using a general-purpose instrument such as a microtome and knife. 
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[0053] In view of production cost, ease of production, membrane 
strength, safety when embedded in a living body, and the like, a 
particularly preferable example of the second embodiment (B) of an 
adhesion preventive kit of the present invention is a form that includes 
a membrane including a biodegradable base layer made of a collagen 
nonwoven fabric and an adhesion preventive layer made of a sponge of 
a mixture of collagen and hyaluronic acid, which membrane has an 
outermost surface constituted of the adhesion preventive layer and has 
a tissue sandwiching part at the surrounding part of the membrane. 
[0054] The adhesion preventive kit of the present invention may 
provide a novel method of preventing adhesion between an injured or 
deficient tissue and a surrounding tissue thereof. Hereinafter, the 
method of preventing adhesion in the respective examples will be 
described with reference to drawings, but the present invention is not 
limited thereto. 

[0055] Fig. 1 shows an example of the method of preventing adhesion 
using a first embodiment (A) of the adhesion preventive kit of the 
present invention. On one surface of an injured or deficient tissue 6, a 
first membrane 1 covers an injured or deficient portion so that a 
biodegradable base layer 4 in the first membrane is faced to the injured 
or deficient tissue 6 to make prosthesis for the part. Subsequently, a 
second membrane 2 is used for prosthesis for the other surface of the 
injured or deficient tissue 6. That is, the injured or deficient portion is 
sandwiched by the first membrane 1 and second membrane 2, which 
are arranged so that the injured or deficient portion is not exposed, so 
that the portion is not in physical contact with surrounding tissues 71 
and 72, thereby providing a more efficient method of preventing 
adhesion than a conventional method. Herein, the positions of the 
first and second membranes may be reversed. 



23 



[0056] The example shown in Fig. 1 may be mainly applied to the 
case where a tissue such as pericardium, pleura, cerebral dura mater, 
diaphragm, stomach, esophagus, or digestive apparatus is injured or 
deficient, but is not limited thereto. 

[0057] Fig. 2 shows another example of the method of preventing 
adhesion using the first embodiment (A) of the adhesion preventive kit 
of the present invention. In a surrounding tissue 71 of an injured or 
deficient tissue 6, a second membrane 2 is arranged at a position facing 
the injured or deficient portion. Subsequently, on the surface opposite 
to the surrounding tissue 71 of the injured or deficient tissue 6, a first 
membrane 1 covers the injured or deficient portion so that a 
biodegradable base layer 4 in the first membrane is faced to the injured 
or deficient tissue 6 to make prosthesis for the part. That is, the 
injured or deficient portion is not in physical contact with the 
surrounding tissues 71, 72, and the like, thereby providing a more 
efficient method of preventing adhesion than a conventional method. 
[0058] The example shown in Fig. 2 may be mainly applied to the 
case where a tissue such as pericardium, pleura, diaphragm, or 
cerebral dura mater is injured or deficient, but is not limited thereto. 
[0059] Fig. 4 shows an example of the method of preventing adhesion 
using the second embodiment (B) of the adhesion preventive kit of the 
present invention. An injured or deficient tissue 6 is held by a tissue 
sandwiching part 8. That is, the injured or deficient portion is not 
exposed, so that the portion is not in physical contact with surrounding 
tissues 71, 72, and the like, thereby providing a more efficient method 
of preventing adhesion than a conventional method. 
[0060] The example shown in Fig. 4 may be mainly applied to the 
case where a tissue such as pericardium, pleura, cerebral dura mater, 
diaphragm, stomach, esophagus, or a digestive apparatus is injured or 
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deficient, but is not limited thereto. 

[0061] Therefore, the method of preventing adhesion using adhesion 
preventive kits of the first embodiment (A) and the second embodiment 
(B) of the present invention or the use thereof is characterized by 
separating an injured or deficient tissue from a surrounding tissue by 
the adhesion preventive layer. 
Examples 

[0062] Hereinafter, the present invention will be described in detail 
by means of examples, but is not limited to these examples. 
[0063] Example l: Preparation of adhesion preventive kit of first 
embodiment (A) 

(1) Preparation of adhesion preventive layer 

Equal parts of an aqueous 1 wt% hydrofluoric acid solution 
and an aqueous 1 wt% collagen solution were mixed to give 250 mL of 
an equal part mixture of collagen and hydrofluoric acid. The mixture, 
which was in acidic state, was neutralized with an aqueous solution of 
0.1 N sodium hydroxide, and then the resultant was loaded into a 
metallic container having a rectangular space (about 10 cm square), 
followed by freezed at -20°C for about 12 hours. Then, the frozen 
product was freeze "dried by using a lyophilizer (manufactured by 
EYELA Co.- FDU-830) under reduced pressure (0.1 torr or less) for 
about 24 hours and then compressed using a compressor 
(manufactured by Iuchi Seieido Co., Ltd.: 15 tons press machine) at a 
pressure of 100 kgffcm 2 . In this way, an adhesion preventive layer 
(about 10 cm square) made of sponge of a mixture of collagen and 
hyaluronic acid was obtained. 

[0064] (2) Preparation of biodegradable base layer 

150 mL of an aqueous 7 wt% acid-solubilized collagen solution 
was extruded into a coagulation bath containing 3 L of 99.5 vol% 
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ethanol, dehydrated and coagulated, and then the resultant collagen 
strand was laminated in accordance with the method described in 
Japanese Laid-Open Patent Publication No. 2000-93497 to give a 
laminated collagen nonwoven fabric. Then, the resultant laminated 
collagen nonwoven fabric was air-dried in a clean bench, and subjected 
to a crosslinking reaction by thermal dehydration in a vacuum drying 
oven (manufactured by EYELA Co.: VOS-300VD) under reduced 
pressure (1 torr or less) at 120°C for 24 hours. After completion of the 
crosslinking reaction, an aqueous l-wt% collagen solution was coated 
on the collagen nonwoven fabric as a binder treatment to fill the gaps 
between the filaments of the crosslinked laminated collagen nonwoven 
fabric, and then dried. After repeating the coating and drying 
operations three times, a crosslinking reaction using thermal 
dehydration is performed in a vacuum drying oven at 120°C for 12 
hours. Subsequently, the resultant product was neutralized with an 
aqueous 7.5 wt% sodium bicarbonate solution, and air-dried in a clean 
bench to give a biodegradable base layer (about 10 cm square) made of 
a collagen nonwoven fabric of a prosthetic membrane for tissue 
regeneration. 

[0065] (3) Preparation of first membrane 

By applying a neutralized solution containing a mixture of 
collagen and hyaluronic acid on the biodegradable base layer made of a 
collagen nonwoven fabric obtained in Example 1 (2), the adhesion 
preventive layer obtained in Example 1 (l) was bond to the 
biodegradable base layer. The resultant was air-dried in a clean 
bench and then performed a crosslinking reaction by thermal 
dehydration by heating it in a vacuum drying oven under reduced 
pressure (l torr or less) at 110°C for 24 hours to give a first membrane. 
[0066] (4) Preparation of second membrane 
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The adhesion preventive layer prepared in Example 1 (l) was 
used as a second membrane without any modification. 
[0067] (5) Sterilization 

The first membrane prepared in Example 1 (3) and the second 
membrane prepared in Example 1 (4) were subjected to gamma 
irradiation sterilization at an exposure dose of 25 kGy to give an 
adhesion preventive kit of the first embodiment of the present 
invention. 

[0068] Example 2* Adhesion prevention experiment using adhesion 
preventive kit of the present invention 
(l) Preparation of pericardium defect 

The thorax of each of six beagles (average body weight: about 
10.5 kg) was opened between the left ribs under continuous anesthesia 
to expose the heart, and then about 4 cm square of the pericardium 
covering the surface of the heart was excised to prepare pericardium 
defect (Fig. 6). 

[0069] (2) Arrangement of second membrane 

Next, the second membrane prepared in Example 1 (4) was 
trimmed to about 5 cm square and inserted through the pericardium- 
defective site, and the second membrane was arranged at a position 
facing the pericardium-defective site prepared in Example 2 (l) (Fig. 
7). 

[0070] (3) Arrangement of first membrane 

The first membrane prepared in Example 1 (3) was trimmed 
to about 5 cm square and immersed in sterilized distilled water for 
injection for about 5 to 10 minutes to soften sufficiently. Then, the 
collagen nonwoven fabric in the first membrane was faced to the 
pericardium-defective side prepared in Example 2 (l), and the 
membrane was fixed by continuous suture (Fig. 8). Thereafter, the 
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thorax was closed, and follow-up was performed for three months. 
[0071] Comparative Example 1- Adhesion prevention experiment 
using only first membrane of the present invention 

(l) Preparation of pericardium defect and arrangement of first 
membrane 

All the same procedures as in Example 2 were performed 
except that the step of Example 2 (2) was not performed. That is, only 
the procedures of Example 2 (l) and (3) were performed. Fig. 10 
shows a photograph of the first membrane fixed on the pericardium- 
defective site by means of continuous suture in Comparative Example 
1. 

[0072] Example 3: Statistical evaluation 

During the follow-up for three months, all the six beagles of 
Example 2 and Comparative Example 1 had no particular 
abnormalities and were confirmed to maintain healthy conditions. 
After three months, the thoraxes were opened again by median 
incision, and the ratios of pericardium-heart adhesion area and the 
degree of adhesion were evaluated. Herein, the term "ratio of 
adhesion area" refers to a ratio of an area where adhesion occurred for 
the case that an area of a pericardium defect is expressed as 100%. 
Meanwhile, the degree of adhesion was judged by visual observation 
based on the determination criteria in Table 1. 
[0073] [Table l] 



Degree of adhesion 


Grade 


No adhesion 


0 


Manually peelable adhesion 


1 


Adhesion peelable by an instrument or the like 


2 


Adhesion that cannot be peeled without incision by 

an instrument or the like 


3 



28 



[0074] As a result, in Example 2, adhesion was observed in 2/6 cases. 
In both the two cases, the degrees of adhesion were grade 3, while the 
ratios of adhesion area were 10% in both the two cases. In other 
words, it may be said that an operator had little trouble in the 
adhesion peeling operation. On the other hand, in Comparative 
Example 1, adhesion was observed in 3 cases, and the degrees of 
adhesion were grade 3 in all the cases. However, the ratios of 
adhesion area were 50, 80, and 100%, respectively. From the above 
results, it is revealed that the adhesion preventive kit of the present 
invention has an excellent ability to prevent adhesion and has a 
function to regenerate pericardium in a pericardium defect. 
Evaluation results of adhesion-preventive effect are shown in Table 2. 
[0075] [Table 2] 



Sample No. 


Example 2 


Comparative Example 1 


Ratio of 
adhesion area 


Degree of 
adhesion 


Ratio of 
adhesion area 


Degree of 
adhesion 


1 


0 


0 


80 


3 


2 


0 


0 


0 


0 


3 


10 


3 


100 


3 


4 


10 


3 


50 


3 


5 


0 


0 


0 


0 


6 


0 


0 


0 


0 


Average 


3.3 


1 


38.3 


1.5 



[0076] Moreover, a photograph of the adhesion state in Sample No. 1 
of Example 2 is shown in Fig. 9. After the first and second 
membranes were degraded and absorbed, a pericardium-like 
membrane-like product was regenerated at the pericardium-defective 
site and there was no adhesion between the pericardium and heart. 
[0077] Photographs of adhesion states in Sample Nos. 1 and 4 of 
Comparative Example 1 are shown in Figs. 11 and 12, respectively. 
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The first membrane was degraded and absorbed, and a pericardium- 
like membrane-like product was regenerated at the pericardium- 
defective site, but adhesions between the pericardium and heart were 
observed in some parts. 

[0078] Comparative Example 2'. Adhesion prevention experiment 
using commercially available adhesion preventive membrane 
(l) Preparation of pericardium defect and arrangement of commercially 
available adhesion preventive membrane 

The same procedures as in Comparative Example 1 were 
performed except that a commercially available adhesion preventive 
membrane (registered trademark: GORE-TEX), trimmed to about 5 cm 
square and made of expanded polytetrafluoroethylene (ePTFE), was 
used instead of the first membrane in Comparative Example 1. A 
photograph of the commercially available adhesion preventive 
membrane fixed on the pericardium-defective site by means of 
continuous suture in Comparative Example 2 is shown in Fig. 13. 
[0079] (2) Experimental results 

During the follow-up for three months, the beagles had no 
particular abnormalities and were confirmed to maintain healthy 
conditions. After a lapse of three months, the thoraxes were opened 
again by median incision to perform evaluation, and GORE-TEX 
(registered trademark) was found to remain in each of the living 
bodies. Moreover, a severe degree of adhesion was formed between 
the pericardium and heart (Fig. 14). 

[0080] Example 3: Preparation of adhesion preventive kit of second 
embodiment (B) 

In the same way as in Example 1 (2), two laminated collagen 
nonwoven fabric were prepared, each of which had been subjected to a 
binder treatment with an aqueous Twt% collagen solution. The 
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aqueous collagen solution was separately coated on the 2 cm square of 
central parts of the binder-treated laminated nonwoven fabrics, and 
then the fabrics are bonded each other. Then, crosslinking by thermal 
dehydration was performed in a vacuum drying oven under high 
vacuum (1 torr or less) at 120°C for 12 hours to give a biodegradable 
base layer. Subsequently, the layer was immersed in an aqueous 7.5- 
wt% sodium bicarbonate solution for 30 minutes to perform a 
neutralization treatment, and washed with distilled water and air- 
dried in a clean bench to give a biodegradable base layer (10 cm 
square) having a tissue sandwiching part. A neutralized solution 
containing a mixture of collagen and hyaluronic acid was applied on 
the both surfaces of the biodegradable base layer, and the adhesion 
preventive layers obtained in Example 1 (l) were separately laminated 
on the both surfaces of membranes of the two biodegradable base 
layers. The product was air-dried in a clean bench and heated in a 
vacuum drying oven under high vacuum (1 torr or less) at 110°C for 24 
hours to perform a crosslinking reaction by thermal dehydration to 
prepare an adhesion preventive kit of a second embodiment (B) of the 
present invention. Photographs of the kit are shown in Figs. 15 to 17. 

Industrial Applicability 

[0081] The present invention is an innovative invention in surgery 
fields. Specifically, according to the present invention, the frequency 
and degree of adhesion are further reduced compared with a 
conventional adhesion preventive membrane, so that the time for an 
adhesion-peeling operation is drastically reduced in reoperation. That 
is, the labor of an operator required in the surgery is significantly 
reduced, and the blood loss of a patient is significantly suppressed in 
the surgery, thereby reducing patient burden. 
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